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Abstract 

Background: Subjects with mild cognitive impairment (MCI) have disturbances in their spatial 
navigation abilities and exhibit early deficits in visuospatial short-term memory. The purpose 
of the present study was to determine whether a quantitative (span score) and qualitative 
(evaluating navigation strategies used) analysis of the Corsi test (usual condition and complex 
navigation task) would be useful to reveal cognitive decline. Methods: We evaluated the per- 
formance of 15 young adults, 21 healthy elderly subjects and 15 subjects with MCI using the 
electronic version of the Corsi test (the Modified Corsi Block-Tapping Test, MCBT) and the 
complex navigation task (the Modified Walking Corsi Test, MWCT). The MWCT, which is an 
adaptation of the Corsi test, assesses spatial memory when the subject walks in a complex 
environment. We used Richard et al.'s model [Cogn Sci 1993,17:497-529] to investigate prob- 
lem-solving strategies during the Corsi tests. Results: The span scores obtained on the MCBT 
and the MWCT were significantly lower in the healthy elderly subjects (MCBT = 5.0 ± 0.7; 
MWCT = 4.0 ± 0.7) and the subjects with MCI (MCBT = 4.7 ± 0.8; MWCT = 4.1 ± 0.9) than in 
the younger adults (MCBT = 6.2 ± 0.6; MWCT = 5.3 ± 1.0). The visuospatial working memory 
was more impaired in the complex navigation task (MWCT = 4.3 ± 0.9) than in the modified 
Corsi test (MCBT = 5.3 ± 0.8). Finally, the subjects with greater cognitive impairment were 
more likely to have inadequate or absence of problem-solving strategies. Conclusions: Inves- 
tigating the problem-solving strategies used during the MWCT appears to be a promising way 
to differentiate between the subjects with MCI and the healthy elderly subjects. 
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Background 



The intermediate stage between cognitive health and dementia [1] has been defined as 
mild cognitive impairment (MCI) and has been widely described in epidemiological and 
clinical studies. Criteria for MCI require the report of memory problems or other cognitive 
function, objective cognitive impairment (a test score of 1.5 standard deviation below the 
age-adjusted mean values), absence of dementia and intact daily functioning. Subjects with 
MCI seem to be at higher risk for conversion to dementia, particularly Alzheimer's disease [1]. 

Traditionally, the cognitive evaluation of patients relies on neuropsychological tests. 
Identifying executive function deficits allows us to detect subjects with MCI [2]. Among the 
deficits, we observe the presence of alterations of working memory and visuospatial sketchpad 
[3]. The visuospatial sketchpad includes a visual component and a spatial component [4]. 
From the neuropsychological approach, a battery of tests is available that specifically explores 
visual perception abilities (e.g., the Rey-Osterrieth test, Raven's Progressive Matrices, the 
Trail Making Test part A, and the Clock-Drawing test) and visuospatial memory [e.g., the Corsi 
Block-Tapping Test (CBT), memory tests with simple or complex environments] [5]. In 2007, 
Alescio-Lautier et al. [6] observed that the deficits in visuospatial short-term memory are 
stronger and appear earlier than the deficits related to short-term visual memory in patients 
with MCI or Alzheimer's disease compared to healthy elderly subjects. 

It is acknowledged that visuospatial working memory can be explored using the CBT test 
[7], which involves the encoding of visual stimuli, the short-term storage of spatial location, 
the sequence order, and the maintenance of information over time. Age has a significant 
impact on the completion of this test (i.e., advanced age is associated with lower performance) 
[8] ; regardless of the severity of their disease, the patients with mild and moderate Alzheimer's 
disease perform worse than the healthy subjects of similar age [9-12]. Despite a significant 
link between the decrease in the performance on the Corsi test and the development of 
cognitive problems, few investigations have been conducted in subjects with MCI, and the 
results are varied [2, 13]. Moreover, it has been suggested that a decrease in visuospatial 
ability could be a more sensitive indicator of cognitive decline [12, 14] than noticeable deficits 
in language or speech problems. 

Several recent studies have simultaneously attempted to explore visuospatial working 
memory in the navigation context using an adaptation of the CBT, i.e., the Walking Corsi Test 
(WalCT) [15-18]. The WalCT, which is a recently developed psychometric tool, evaluates the 
memory storage of a sequence of places in a defined area. The subject must move to a selection 
of places based on his memorised location. This spatial navigation task has been studied in 
healthy older subjects [19], neglect patients [18], patients with epilepsy [20] and brain- 
injured patients [21]. The studies have shown that these types of patients perform worse on 
the WalCT test than the healthy controls, but no study has been proposed to evaluate the 
performance of subjects with MCI. However, several studies that have investigated perfor- 
mance on spatial navigation tasks have shown that, compared to the healthy subjects, the 
patients with Alzheimer's disease performed worse in routine recognition tasks [22] or an 
adaptation of the Morris water maze task [23]. The patients with Alzheimer's disease demon- 
strated a spatial disorientation that is characterised by difficulties in recognising scenery, a 
path or a road in a real or virtual environment [24]. The loss of visuospatial memory appears 
early at a stage of MCI and can be observed in navigation tests [5, 22, 23]. 

In patients with dementia, the processes involved in wayfinding in a navigation task are 
similar to those involved in problem-solving tasks [25]. Moving in a complex environment 
requires several spatio-cognitive stages, such as searching and treating relevant information 
and organising information in a hierarchical way to accomplish a goal. Therefore, problem- 
solving processes may be involved during CBT, although the planning stage is absent. In this 
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particular CBT task, when one seeks an answer (the solution), one can tackle the problem in 
various manners (changes in viewpoints, training and memorising strategies). Therefore, the 
answers can be analysed by evaluating the strategies used. 

For the present, the only available method for analysing performance in CBT is the span 
score. No studies thus far have used a strategy analysis to investigate performance on the CBT 
or on the WalCT. In this context, such an approach could be of interest for assessing subjects 
with MCI. 

The objectives of this study are two-fold. First, we aimed to determine whether the 
assessment of visuospatial working memory in the Corsi test and complex navigation task is 
a good indicator of cognitive impairment in the early stages of a dementing illness. Second, 
we analysed the different strategies used by subjects in different tests and investigated 
whether these cognitive strategies were related to cognitive decline. We used a newly 
designed version of the WalCT, employing the 'Magic Carpet' [26]. We hypothesised that the 
analysis of the strategies used by the patients in the different Corsi tests will reveal additional 
information than the Corsi span score in subjects with MCI. 



Methods 

Participants 

The present cross-sectional study included 51 subjects, 15 of whom were young subjects 
(mean, 25.1 years; 12 women, 3 men), 21 healthy older subjects (mean, 73.8 years; 16 women, 
5 men) and 15 subjects with MCI (mean, 76.6 years; 12 women, 3 men). All subjects lived in 
a community dwelling, had not complained about the quality of their gait or balance and were 
able to walk without assistance. The exclusion criteria included the following: any objective 
gait disorder due to Parkinson's disease, previous stroke, clinical osteoarthritis in the lower 
limb joints, myopathy, or neuropathy verified by a formal clinical examination, the presence 
of depressive symptoms or taking medication. The experiment was undertaken with the 
written consent of each participant. 

We recruited 15 young subjects, the majority of whom were university students, and 21 
healthy older participants from noninstitutionalised volunteers aged over 65 years. The 
elderly healthy controls were free of significant cognitive complaints; however, they were 
similar to the MCI group in age and gender. All participants in the control group were recruited 
through mail notifications and other types of announcements. 

Most of the participants with MCI were recruited from a memory centre in Paris, France. 
The participants were diagnosed with MCI according to the Petersen 2004 criteria [1], which 
included the presence of subjective memory complaints from the patient and family, objective 
cognitive impairment, preserved general intellectual function, absence of significant func- 
tional impairment, and absence of clinical dementia. The MCI sample was divided into three 
groups: amnestic single domain (aMCI; only memory deficit, n = 6), nonamnestic single 
domain (naMCI; language, executive function, visuospatial relations, n = 3), and amnestic 
multiple domain (amMCI; combination of memory deficit and executive dysfunctions, n = 6). 

Cognitive and Physical Test 

All subjects underwent a clinical and a neuropsychological evaluation, which was 
conducted by a trained team. Memory and executive function disorders were diagnosed 
according to neuropsychological evaluation methods. All volunteers underwent a battery of 
rapid cognitive impairment tests that were administered by a neuropsychologist and that 
included the Mini-Mental State Examination [27], the Frontal Assessment Battery [28], the 
Trail Making Test, part A and part B [29], the Stroop test [30], the Wechsler Adult Intelligence 
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Fig. 1. Description of the protocol, a MCBT is an electronic version of the CBT. The sequences are controlled 
by a computer, b MWCT is a larger version (3 x 2.5 m; scale 1:10) of the CBT. An electronic version of the CBT 
was organised in an empty room [15, 20]. The MWCT is controlled by a microcomputer through WLAN con- 
nection. Nine white squares (30 x 30 cm) were placed on a grey carpet [26]. 



Scale [31] and the Dubois' 5-word test [32]. Mood and depression were assessed using the 
Geriatric Depression Scale [33]. 

Finally, the participants were asked to perform spontaneous walking for 10 m in a stan- 
dardised environment on an 8-meter electronic walkway (GAITRite®; CIR Systems, Inc., 
Sparta, N.J., USA). The purpose of this test was to evaluate the walking abilities of the subjects. 

Experimental Tasks and Procedures 

Electronic Version of the CBT - The Modified Corsi Block-Tapping Test 
The CBT is a classic test that is used to rapidly assess visuospatial memory. The test 
involves nine wooden blocks (3x3 cm) that are randomly distributed on a board with a 
dimension of 25 x 30 cm. First described by Milner [34] and developed by Corsi [7], this test 
requires the patient to press on a series of blocks. First, the action sequence is shown to the 
patient; subsequently, the patient must recall the sequence and immediately repeat it in the 
same order. There are several computerised versions of the Corsi test [35, 36]. Both the tradi- 
tional and computerised versions of this test provide similar outcomes [37]. In this test, the 
examiner first presents a short series (i.e., starting with a 2-block sequence) and gradually 
increases the length of the sequence if the patient's response is correct. In the present study, 
we used a modified CBT (MCBT) that was developed by the College de France, Paris (an elec- 
tronic version is available) (fig. 1). The MCBT uses the same protocol developed by Milner in 
1971 [34]; however, the board and cubes are plastic, and the sequences are shown on a 
computer. The blocks are illuminated every 1,500 ms, and the end of the sequence is marked 
by a tone, at which time the subject is asked to reproduce the sequence. 

After the first three simple sequences have been presented, if at least two of them have 
been reproduced correctly, the next level is administered (i.e., a 3-block sequence). When two 
trials out of three at the same level have not been correctly reproduced, the test stops [20, 
38]. The score, which is the length of the last sequence correctly reproduced, is recorded. This 
quantitative measure is called the span. 
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Modified Walking Corsi Test Using the 'Magic Carpet' 

In the present study, the experimental conditions were similar to those described by 
Piccardi et al. [15] on the classical walking Corsi, except that we used an electronic version. 
The technology used is a wireless 'Magic Carpet', which is a set of tiles that are lit by a computer 
allowing a large variety of possible combinations of sequences. This experimental set-up was 
developed at the College de France [26] (fig. l).The Modified Walking Corsi Test (MWCT) was 
performed in an empty room with a dimension of 4 x 5 m; the walls were covered with 
curtains that served to hide external references (e.g., doors and windows). The magic carpet 
is composed of nine white panels (30 x 30 cm) that are placed on a grey carpet with a 
dimension of 250 x 300 cm, using a layout similar to the CBT on a larger scale (scale 10:1). 
Each panel is equipped with force sensors, and the panels are connected to a computer work- 
station to record the subject's responses. To repeat the sequence, the subject walked directly 
on the magic carpet panels after hearing a tone. This process was filmed to study the movement 
strategies used by the subjects as they walked and navigated in the environment. 

In the MWCT, the experimental conditions (e.g., instructions and scoring) were the same 
as those in the MCBT, including the starting position. In the test proposed by Piccardi et al. 
[15], the patient and the examiner had the same starting point in the WalCT, which is not the 
case in the CBT. 

The order of the successive tests (i.e., MCBT and MWCT) was counterbalanced among the 
subjects in each group. The patients did not show any problems in understanding the instruc- 
tions. 



Cognitive Strategies Assessed from the Trajectory Errors 

Although the span score is the same as the score obtained in the CBT test [7], we have 
identified ways to obtain additional information. We can consider the Corsi task to be a 
'simple' problem-solving activity because the subject must remember a sequence of move- 
ments by storing the illuminated blocks one by one and then reconstituting the sequence. This 
task is 'simple' because it does not require the planning stages of a complex problem-solving 
activity (e.g., the Tower of Hanoi). In this context, the model published by Richard et al. [39] 
could be an elegant way to analyse the sequences of movements performed by the subject. 
The basic idea is that an individual will try to find the best compromise to solve a problem 
under a set of constraints. The subject will try to respect all constraints, but in certain cases 
called 'deadlocks', he will decide not to consider one constraint. Usually, he decides not to 
follow the constraint that he considers to be less important or the one that is the most 
restrictive. 

The different steps involved in successful information processing in the test require the 
adequate storage and recall of the parameters of locomotor trajectories (i.e., choosing the 
correct direction, the precise localisation of the blocks and the correct number of blocks). If 
these three criteria are correctly met, the visuospatial pathway is successfully reproduced by 
the motor or the locomotor trajectory. The analysis of different categories of trajectory errors 
was based on the trajectories performed by the subjects when they failed twice in one trial 
level. The errors were noted and described to determine the constraints that were not 
respected by the subjects. 

We have identified five strategies (with different types of errors): (SI) Localisation (one 
wrong block is shown); (S2) inversion (two blocks are shown in the wrong order); (S3) 
approximation (sequences with several errors but with a general configuration similar to the 
shown sequence); (S4) random sequence (sequences presented without any logic), and (S5) 
incomplete sequence (sequences with too many or not enough blocks) (fig. 2). 

Presumably, the errors in the responses of the subjects suggest that they eliminate some 
constraints (e.g., localisation, direction, or number of blocks). If the constraints are too strong, 
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Most appropriate strategies 



Lack of strategy 



Strategies 



Types of 
errors 



Examples 



Localisation 
(SI) 



Inversion 
(S2) 
I 



Approximation 
(S3) 
I 



Random 
sequence (S4) 



One error of direction 
or distance 



I I l 

One error of General confi- Random 
sense guration similar to responses 




Distance Direction 
— > Sequence by computer 
---> Sequence reproduced by subject 



Incomplete 
sequence (SS) 
I 



Addition or 
omission 



I I 





□ r 








□ 



Omission 



Fig. 2. Analyses of the various strategies used in the Corsi test, according to the mistakes that were made. 



the subjects begin to neglect the precise localisation of each block and adopt a less suitable 
strategy, which makes their response approximate. Finally, a lack of strategy forces the 
subjects to abandon all constraints (random response) or to show an incorrect number of 
blocks (fig. 2). This method of analysis can be presented as a graduated scale that ranges from 
the lack of a strategy to the most appropriate strategies. 

Statistics 

The span scores were analysed using a factorial ANOVA (3 x 2) with three groups (young 
subjects, healthy elderly and MCI subjects) and two conditions (MCBT and MWCT). The differ- 
ences in cognitive performance and gait were analysed using a one-way ANOVA. Correlations 
between functional capacity (walking speed) and performance on the MCBT and MWCT tests 
were evaluated using the Spearman test. 

Finally, the strategies were studied in two stages. First, we used a binary code (0 or 1) to 
show whether one strategy had been employed (1) or not (0). Subsequently, we compared 
the two groups of subjects (healthy elderly subjects vs. MCI patients) for each test (MCBT and 
MWCT) using the Mann-Whitney test. The statistical analyses were performed using the 
Statistica version 9 (Statsoft Inc., Tulsa, Okla., USA) software, and significant difference was 
set at p < 0.05. 



Results 



Cognitive and Physical Tests 

The results of the different cognitive tests revealed a pronounced memory deficit (Dubois' 
5-word test), impaired global executive function (Frontal Assessment Battery), mental inhi- 
bition (Stroop test) and especially impaired mental flexibility (Trail Making Test) in subjects 
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Table 1. Demographic and clinical characteristics of the study participants 



Characteristics 


MCI (n= 15) 


OH (n = 21) 


YH (n= 15) 


p 


Age, years 


76.6 + 5.9 


73.7 + 6.9 


25.1 + 2. 3*' # 


<0.00001 


Male, n 


3 


5 


3 




Cognitive test 










MMSE 


27.8±1.5 


28.5±0.9 


28.3±1.0 


0.18 


J7AR 


lD.^t 11,/ 


1 7 n -+- n a* 


17 C 4-fl Q* 
l/.jiU.o 


<U.UUUU1 


WAIS (digit span forward and backward) 


99.8±9.6 


99.1±10.1 


96.6±10.3 


0.64 


Stroop test 


1.4+4.7 


7.9±6.7* 


5.7±4.7* 


<0.0001 


TMT (part A) 


43.9±4.5 


35.6±8.3* 


17.6±10.8* # 


<0.00001 


TMT (part B) 


102.8±6.5 


73. 1± 14.5* 


33.7±39.4*' # 


<0.00001 


ATMT, s 


58.8±39.6 


37.6±14.3* 


16.1±6.7*' # 


<0.00001 


Dubois' 5-word test (of 10) 


9.3±1.6 


10.0* 


10.0* 


<0.04 


Dubois' 5-word test (of 20) 


16.8±0.7 


19.2±0.5* 


19.5±3.1* 


<0.0001 


Clock-Drawing test 


6.2±0.9 


6.6±0.6 


6.7±0.6 


0.09 


Mini-GDS 


0.4±0.5 


0.2±0.4 


0.1±0.1 


0.16 


Physical test 










Gait speed, cm/s 


108.5±16.1 


117.6±20.4 


125.8±15.3* 


<0.01 



Values are mean ± SD except where indicated otherwise. YH = Healthy young subject; OH = healthy older 
subject; MMSE = Mini-Mental State Examination; FAB = Frontal Assessment Battery; WAIS = Wechsler Adult 
Intelligence Scale; TMT = Trail Making Test; GDS = Geriatric Depression Scale. * p < 0.00 1 compared with MCI; 
# p < 0.001 compared with OH. 



with MCI relative to healthy elderly subjects and young subjects (p < 0.05 for each test) 
(table 1). Other cognitive functions, including global cognitive efficiency (Mini-Mental State 
Examination), intelligence (Wechsler Adult Intelligence Scale) and visuoconstructive abil- 
ities, were well preserved in normal ageing and pathological states. There was also a decrease 
in the Trail Making Test performance for healthy elderly subjects relative to the younger 
subjects (p < 0.05). 

Finally, a significant difference (p < 0.0 5) was found in walking speed between the healthy 
older adults and the young adult subjects with MCI but not between the healthy elderly group 
and the group with MCI (table 1). No differences in anthropometric variables (i.e., size of 
shoes, weight, and height) were noticed among the different groups of subjects. There was no 
correlation between walking speed and performance on the MCBT (r = 0.19, p < 0.05). 
However, a positive and significant correlation was revealed between the MWCT perfor- 
mance and walking speed (r = 0.32, p < 0.05). 

Quantitative Analysis - Span Score 

The visuospatial working memory was more impaired in the complex navigation task 
(MWCT = 4.3 ± 0.9) than in the Corsi test (MCBT = 5.3 ± 0.8). The MWCT showed a significant 
difference (F 1/49 = 21.7, p < 0.001), with better performance on the MCBT than on the MWCT 
for young subjects (MCBT = 6.2 ± 0.6 vs. MWCT = 5.3 ± 1.0), for the elderly (MCBT = 5.0 ± 0.7 
vs. MWCT = 4.0 ± 0.7) and for subjects with MCI (MCBT = 4.7 ± 0.8 vs. MWCT = 4.1 ± 0.9) 
(fig. 3). 

We also found a significant effect when we compared individual performance (F 2 , 48 = 
26.4, p < 0.001). The young subjects performed better than the healthy elderly subjects and 
the subjects with MCI both on the MCBT and MWCT. However, there was no significant 
difference between the two groups of older subjects on the MCBT or the MWCT (similar 
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Fig. 3. Impact of the complex nav- 
igation task on the visuospatial 
working memory of the subjects 
in each group. OH = Healthy older 
subject; YH = healthy young sub- 
ject. ANOVA with a plan of 3 x 2 
factors was used. * Significant dif- 
ference, p < 0.05. 



Fig. 4. Behavioural profiles in 
problem solving at the latest stage 
of the Corsi test. The mean score 
was calculated during the sub- 
ject's last and unsuccessful trial 
series (span + 1), as the mean 
number of times a strategy was 
used, a Strategies during MCBT. 
b Strategies during MWCT. OH = 
Healthy older subject. Statistics 
were performed using the Mann- 
Whitney test. * Significant differ- 
ence, p < 0.05. 




1.2- 



■ OH 

□ MCI 



1.0- 



Sl S2 S3 S4 




■ ■ 



S4 S5 



conclusions were drawn using the ANOVA with our three groups of subjects and using 
nonparametric statistics when only the two groups of elderly subjects were considered) 
(fig. 3). However, the span score analysis did not present any interaction among the groups 
of subjects (F 2 , 48 = 0.51, p = 0.59). 



Qualitative Analysis - Cognitive Strategies 

Problem-solving strategies were investigated because 90% of the results demonstrated 
a span score of 4 for the MCBT and 5 for the MWCT. In the qualitative analysis, we observed 
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differentbehavioural patterns in visuospatial processingbetween the healthy elderly subjects 
and the subjects with MCI in the MWCT (fig. 4). During spatial navigation, the behavioural 
profiles were specific in each group. The strategy SI (localisation) was used significantly 
more often in the healthy elderly than in the subjects with MCI (p = 0.005), and the strategy 
S4 (random sequence) was used significantly more often in the subjects with MCI than in the 
healthy elderly subjects (p = 0.02). The patients with MCI demonstrated a lack of strategies 
(random sequence), whereas the healthy elderly subjects appeared to use the most appro- 
priate strategies (localisation). In contrast, the analysis of strategies used on the MCBT 
showed no difference between the two groups. 



Discussion 

Visuospatial memory, which plays a basic role in daily life, is required for orientation and 
spatial localisation and for using a navigation map. In the present study, we were especially 
interested in the early deficits in visuospatial memory that occur in subjects with MCI. We 
have shown a significant impact of ageing in the performances obtained in the Corsi tests in 
traditional and navigation conditions. Cognitive impairment did not demonstrate such an 
impact. Moreover, the strategy analysis was able to reveal differences in problem solving in 
subjects with MCI and healthy elderly subjects, especially in the navigation task (MWCT). 

We can speculate whether the performances obtained in the two kinds of Corsi tests 
(traditional and navigation) that we used are connected to similar or different memory 
systems. Several studies have supported the idea that performance on the CBT and WalCT 
relies on different memory systems [15, 20]. This hypothesis is consistent with the liter- 
ature; we know that visuospatial memory is not an individualised structure. The model 
proposed by Piccardi et al. [15] has one spatial memory system for objects that are close to 
the subject (peripersonal/reaching memory system) and another system for spatial navi- 
gation purposes (spatial navigation). In the present study, the performance on the MWCT 
was lower than that on the MCBT. Our results and the findings of recent studies in the liter- 
ature suggested that there are two memory systems for processing visuospatial information: 
one for peripersonal/reaching memory that addresses objects that are close to the subject 
and another process that involves spatial navigation. However, our data are in conflict with 
the results obtained by Piccardi et al. [15], which show that the span score is more important 
on the WalCT than on the CBT in young subjects. They introduced the hypothesis that the 
difference in the performance on these two tests was related to enriched and diversified 
sensory integration (visual, vestibular, and proprioceptive) that occurs during the navi- 
gation task and facilitates the processing of mnesic memory processes. We attribute the 
discrepancies in the results of these two studies to the specific methodological conditions 
used in our tests. Our subjects were assessed similarly in the MCBT and the MWCT, in contrast 
to the study by Piccardi et al. [15], where the sequences were produced by the experimenter 
and not by a computer. Thus, we assume that seeing the experimenter perform the sequence 
on the mat allows the patient to mentally simulate the action by activating different sensory 
inputs; such processes were impossible in our MWCT. Additionally, we can explain the 
discrepancy between the results on the MWCT and the MCBT by the complex navigation 
sequence because our subjects had to update their spatial map at each step/block of the 
sequence on the MWCT. Memorising the sequence is achieved by spatially mapping the envi- 
ronment from a particular point of view, whereas repetition alters the subject's own spatial 
references and changes the subject's perspective. A recent study using the magic carpet has 
shown the impact of perspective changes on learning a sequence by using visuospatial 
working memory [26]. 
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In the present study, we investigated the effect of healthy and pathological ageing on the 
performances in two kinds of Corsi tests. A recent study demonstrated that performance on 
the CBT and the WalCT begins to degrade at the age of 47 years [19]. Using the span score, we 
were able to show an effect of ageing on spatial short-term memory based on the performance 
in our two tests. The decrease in performance seems to be not only connected to the navigation 
task difficulty but also to the decrease in the working memory capacity because of ageing. 

Several studies have shown a performance decrease in patients in the early-to-moderate 
stages of dementia compared to healthy subjects of similar age [9-12]. However, the infor- 
mation on the capabilities of patients with MCI is lacking. We expected to find impaired 
performance in the group with MCI, since the deterioration of the prefrontal cortex over time 
[40] results in cognitive difficulty in completing complex tasks that require executive func- 
tions, such as those tasks in the CBT. Nevertheless, we were unable to detect any differences 
in performance between the healthy elderly subjects and the patients with MCI in the perfor- 
mance ofMCBT. 

With the additional cognitive deficits present in older subjects with MCI, we considered 
that we would detect marked performance difficulty in subjects with MCI relative to healthy 
elderly subjects, especially on the spatial navigation task (i.e., on the MWCT). Disorders of 
spatial orientation (topographical disorientation) and spatial memory deficits have been 
shown to represent an early sign of degenerative dementia [5]. Our data showed that the two 
groups of elderly subjects did not differ in their performance on the MWCT, which suggests 
that visuospatial navigation working memory was not affected in the stage of MCI. However, 
the subjects with dementia disorders present an important topographical orientation 
impairment [24, 41], i.e., an impairment in the allocentric and egocentric systems during 
spatial navigation [23, 42] that affects their ability to create and use a spatial map. The navi- 
gation deficits observed in these patients are likely related to the brain damage that occurs in 
the early stages of Alzheimer's disease [43]. Additionally, many studies have highlighted 
changes in egocentric and allocentric navigation performed by patients with MCI relative to 
healthy elderly subjects [22, 23, 42, 44]. One explanation for our results could be provided by 
the heterogeneity of our group of patients (6 aMCI, 3 naMCI, 6 amMCI), which would increase 
the variability in the responses and therefore mask problems in the working memory. Laczo 
et al. [42] showed that patients with aMCI have a deficit in encoding and consolidating 
memories that are associated with hippocampal damage. The performance of subjects with 
aMCI is similar to that of subjects with Alzheimer's disease, whereas the memory perfor- 
mance of subjects with naMCI is similar to that of healthy elderly subjects [43]. These authors 
concluded that the deficits are likely to be related to neuropathological disease processes that 
affect the neuronal navigation circuits. 

We observed striking changes in the way that our subjects with MCI responded to the tests 
when they analysed their behaviour and strategies. The MCBT and the MWCT rely on different 
cognitive functions, including encoding capabilities, planning strategies and memorisation. 
Among these functions, we were particularly interested in the types of strategies used to solve 
the Corsi test. We have established a graduated scale that ranges from the lack of a strategy to 
the use of the most appropriate strategies (fig. 2). There was no significant difference in the 
strategies used between the groups of older subjects in the performance on MCBT, but there 
were significant differences in the strategies used between the groups of older subjects in the 
performance on MWCT. Although the elderly appear to achieve the same performance 
(measured by the span score), studying the strategies reveals pronounced deficits in subjects 
with MCI. The errors of the healthy elderly subjects were primarily related to localisation, 
which are associated to an attention deficit. Elderly subjects are known to present such deficits 
[45]. In addition, the strategies used by the subjects with MCI during the tests were unsuitable 
and reflect their early deficits in spatial memory [5, 43]. Thus, we assume that cognitive 
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impairment can be evaluated in the elderly by studying their behaviour and the type of 
strategy that they used in our test. Analysing such strategies could be a relevant way to differ- 
entiate between the subjects with MCI and the healthy elderly subjects. The sudden loss of all 
information on the MWCT could be related to an early alteration of neuronal circuits that are 
involved in human navigation [43]. Consequently, the evaluation of navigation skills in the 
MWCT can help to identify MCI subjects. The dual task test has recently been shown to be 
relevant to detect patients at risk for developing dementia [46]. The test, which was used in 
the present study, evaluated navigation skills that can be rapidly performed; it is also comput- 
erised and therefore evaluator independent. 

Finally, we wanted to test the relationship that may exist between motor performance and 
visuospatial working memory. It is likely that the deficits shown on the MWCT depend on 
decreased walking speed, which increases locomotion time in the elderly. Therefore, the 
subjects have more time to forget the end of the sequence. When we evaluated the subjects' 
spontaneous walking for 10 m and their working memory capacity in their performance in 
MWCT, we observed a significant correlation between their motor performance but not in their 
performance in MCBT. Thus, the differences observed between the young subjects and the MCI 
subjects seem to be related to motor deficits. Differences in gait speed may explain cognitive 
impairment in the MCI group [47]. We hypothesise that the decrease in MWCT performance 
with pathological ageing is primarily caused by cognitive impairment and motor deficits. 

However, limitations of the present study are the rather small number of included 
subjects and the disparity between women and men in all studied groups. Several studies 
have shown that gender strongly influences spatial navigation performance, especially on the 
WalCT [15, 19, 48]. Additionally, our group of subjects with MCI was heterogeneous and not 
large enough to permit subgroup analyses. Unfortunately, our subjects were not checked by 
MRI or by specific biomarkers to explore the state of their health. 

In the future, it will be interesting to explore how patients with dementia perform on the 
MWCT to determine whether the information on topographical disorientation can be 
extracted. It would also be important to investigate whether this test has a predictive value 
on the onset of dementia or cognitive decline. 



Conclusion 



Brain and cognitive impairment associated with ageing creates difficulty in correctly 
performing tasks that require visuospatial working memory. Although these deficits were 
more pronounced during the navigation task, it is clear that the span scores on the MCBT and 
the MWCT do not identify early cognitive decline in subjects with MCI. However, studying the 
strategies that subjects use to solve problems on the Corsi tests and on the spatial navigation 
tests is a novel approach to differentiate between the cognitive performance in healthy elderly 
subjects and the cognitive performance in subjects with MCI. This assessment appears to be 
a valuable tool for measuring the state of the neural circuits involved in spatial navigation. 
Identifying the strategies used in these tests could be a useful marker for identifying subjects 
at risk for developing dementia. 
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